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$EVWUDFW ² $ QRYHO EUXVKOHVV VHOIH[FLWHG DLUFRUH
FRPSHQVDWHGSXOVHGDOWHUQDWRU %6$&3$ LVSUHVHQWHG LQ WKLV
SDSHU,WFRQVLVWVRIWZRVXEPDFKLQHVLQFDVFDGHDPRQJZKLFK
RQHVHUYHVDVDQH[FLWHUDQGWKHRWKHUZRUNVDVDJHQHUDWRU7KH
URWRU ZLQGLQJV RI WKH WZR VXEPDFKLQHV DUH FRQQHFWHG E\
UHYHUVHSKDVHVHTXHQFHWRUHDOL]HUHYHUVDORIWKHPDJQHWLFILHOG
7KH VWDWRU ZLQGLQJV DUH FRQQHFWHG E\ D UHFWLILHU WR UHDOL]H
EUXVKOHVV VHOIH[FLWHG VWUXFWXUH $V DQ DLUFRUH &3$ RI QHZ
WRSRORJ\ LW LVQHFHVVDU\ WRGHULYH LWVPDWKHPDWLFDOPRGHODQG
FDUU\RXWDFRPSDUDWLYHGHVLJQ7KXVWKLVSDSHUIRFXVHVRQWKH
GHWDLOHG GHVLJQ DQG DQDO\VLV RI D %6$&3$ SURWRW\SH ZKLFK
LQFOXGHV GLPHQVLRQDO GHVLJQ DQG HTXLYDOHQW FLUFXLW
HVWDEOLVKPHQW %HVLGHV WKH FULWLFDO VSHHG LV DOVR DFTXLUHG
$FFRUGLQJO\WKHQXPEHUVRIZLQGLQJFRLOWXUQVDUHGHVLJQHGWR
LQFUHDVH WKH GLVFKDUJH FXUUHQW DQG SRZHU EDVHG RQ WKH
WKHRUHWLFDODQDO\VLV)LQDOO\WKHDQDO\VLVDQGGHVLJQDUHYHULILHG
E\ILQLWHHOHPHQWDQDO\VLV

,QGH[7HUPV²%UXVKOHVV VHOIH[FLWHGDLUFRUHFRPSHQVDWHG
SXOVHG DOWHUQDWRU %6$&3$ GLPHQVLRQDO GHVLJQ HTXLYDOHQW
FLUFXLW
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
,QWKHDERYHV\PEROVWKHVXEVFULSWVDUHGHILQHGDVIROORZV
LLVRUZKHUHUHSUHVHQWVWKHH[FLWHUDQGUHSUHVHQWVWKH
JHQHUDWRUUHVSHFWLYHO\MLVURUVZKHUHUUHSUHVHQWVWKHURWRU
ZLQGLQJVDQGVUHSUHVHQWVWKHVWDWRUZLQGLQJV
, ,1752'8&7,21
203(16$7(' SXOVHG DOWHUQDWRU &3$ RU
&RPSXOVDWRULVRQHRIWKHPRVWSURPLVLQJSXOVHGSRZHU
VXSSOLHVIRUHOHFWURPDJQHWLFODXQFKHUV>@,WKDVEHHQXQGHU
GHYHORSPHQWIRUGHFDGHVZLWKDZLGHUDQJHRIFRQILJXUDWLRQV
WRLPSURYHWKHSRZHUGHQVLW\DQGHQHUJ\GHQVLW\>@>@7KH
ODWHO\ GHYHORSHG &3$V DUH XVXDOO\ DLUFRUH DQG PXOWLSKDVH
>@>@7KHEUXVKDQGVOLSULQJPHFKDQLVPVDUHHPSOR\HGWR
DFKLHYH VHOIH[FLWDWLRQ >@ >@ +RZHYHU ZLWK WKH
FKDUDFWHULVWLFVRIKLJKURWDWLQJVSHHGDQGODUJHILHOGFXUUHQW
>@>@WKHEUXVKDQGVOLSULQJPHFKDQLVPVXVXDOO\EULQJD
QXPEHU RI SUREOHPV VXFK DV VHULRXV ZHDU DQG KHDW ORZ
UHOLDELOLW\DQGHIILFLHQF\7KHUHIRUHDQRYHOEUXVKOHVVVHOI
H[FLWHGDLUFRUHFRPSHQVDWHGSXOVHGDOWHUQDWRU%6$&3$LV
SURSRVHGLQWKLVSDSHU
$VVKRZQLQ)LJWKHFRQQHFWLRQRIWZRVXEPDFKLQHVLQ
FDVFDGHUHDOL]HVWKHEUXVKOHVVVWUXFWXUH7KHOHIWVXEPDFKLQH
ZRUNVDVDURWDWLQJDUPDWXUHH[FLWHUDQGWKHULJKWRQHZRUNV
DV D URWDWLQJILHOG JHQHUDWRU 7KH H[FLWHU URWRU ZLQGLQJ
(5: DQG JHQHUDWRU URWRU ZLQGLQJ *5: DUH ERWK
PXOWLSKDVHDQGFRQQHFWHGE\UHYHUVHSKDVHVHTXHQFHZKLFK
LVDEOH WR LQFUHDVH WKHHOHFWULFDO IUHTXHQF\RI WKHFXUUHQW LQ
WKH JHQHUDWRU VWDWRU ZLQGLQJV *6:7KH *6: LV RI IRXU
'HVLJQDQG6LPXODWLRQRID%UXVKOHVV6HOI
H[FLWHG$LUFRUH&RPSHQVDWHG3XOVHG$OWHUQDWRU
:HQKDR/L&DL\RQJ<H0HPEHU,((()HL;LRQJ;LQ/LDQJ
&
7KLVZRUNZDVVXSSRUWHGE\WKH1DWLRQDO1DWXUDO6FLHQFH
)RXQGDWLRQRI&KLQD*UDQW1R
: /L & <H ) ;LRQJ DQG ; /LDQJ DUH ZLWK 6WDWH .H\
/DERUDWRU\RI$GYDQFHG(OHFWURPDJQHWLF(QJLQHHULQJDQG
7HFKQRORJ\ $((7 6FKRRO RI (OHFWULFDO DQG (OHFWURQLF
(QJLQHHULQJ6(((+XD]KRQJ8QLYHUVLW\RI6FLHQFHDQG
7HFKQRORJ\+867:XKDQ&KLQD&RUUHVSRQGLQJDXWKRU
&DL\RQJ<H\HF\#KXVWHGXFQ
SKDVHVDQGGRXEOHOD\HUVZKLFKFDQEHXVHGWRGLVFKDUJHDV
ZHOODVFRQQHFWWRWKHH[FLWHUVWDWRUZLQGLQJ(6:WKURXJK
D IRXUSKDVH UHFWLILHU WR DFKLHYHVHOIH[FLWDWLRQ%HFDXVHRI
WKH DLUFRUH VWUXFWXUH WKH FRXSOLQJ EHWZHHQ WKH (6: DQG
*6:LVZHDNDQGFDQEHLJQRUHG
7KH RSHUDWLRQ VWHSV RI %6$&3$ DUH VKRZQ DV IROORZV
)LUVWO\ WKH ZKROH PDFKLQH VKRXOG EH GUDJJHG WR WKH UDWHG
URWDWLQJVSHHG7KHQZLWKWKH³VHHGFXUUHQW´LQMHFWHGLQWRWKH
(6: WKH H[FLWHU LQGXFHV PXOWLSKDVH FXUUHQWV LQ WKH(5:
1H[WWKHPXOWLSKDVHFXUUHQWVIORZLQWRWKH*5:E\UHYHUVH
SKDVHVHTXHQFHIXQFWLRQDVWKHILHOGFXUUHQWDQGLQGXFHIRXU
SKDVHFXUUHQWVLQWKH*6:$IWHUWKDWWKHIRXUSKDVHFXUUHQWV
IORZEDFNLQWRWKH(6:DVWKHH[FLWHUILHOGFXUUHQW:LWKWKH
F\FOHVRIWKHDERYHVWHSVWKHFXUUHQWVLQ%6$&3$LQFUHDVH
H[SRQHQWLDOO\ FRQVXPLQJ WKH NLQHWLF HQHUJ\ VWRUHG LQ WKH
URWRU)LQDOO\ WKH*6:EHJLQVWRGLVFKDUJHWRD ORDGZKHQ
WKHVHOIH[FLWHGFXUUHQWVUHDFKWKHUHTXLUHGYDOXH
$ QRYHO VWUXFWXUH ZLWK WZR DLUFRUH VXEPDFKLQHV
FRQQHFWLQJ LQ FDVFDGH LV HPSOR\HG LQ %6$&3$ 7KH
GHVLJQHG SDUDPHWHUV FDQ VLJQLILFDQWO\ LQIOXHQFH LWV ILQDO
SHUIRUPDQFH 7KXV LW LV QHFHVVDU\ WR GHYHORS LWV
PDWKHPDWLFDOPRGHODQGFDUU\RXWDFRPSDUDWLYHGHVLJQ,Q
VHFWLRQ ,, LWV GLPHQVLRQDO DQG HOHFWULFDO SDUDPHWHUV DUH
GHVLJQHG,QVHFWLRQ,,,WKHPDWKHPDWLFDOPRGHODQGWKHVHOI
H[FLWHGFRQGLWLRQDUHDQDO\]HG,QVHFWLRQ,9WKHQXPEHUVRI
ZLQGLQJFRLOWXUQVRIWKHSURWRW\SHDUHGHWHUPLQHG,QVHFWLRQ
9 WKH GHVLJQ RI %6$&3$ LV YHULILHG E\ ILQLWHHOHPHQW
DQDO\VLV
)LJ7KUHHGLPHQVLRQDOYLHZRI%6$&3$
,, ',0(16,21$/'(6,*1
7KH SHUIRUPDQFH SDUDPHWHUV VXFK DV WKH HQHUJ\ GHQVLW\
DQG SRZHU GHQVLW\ PHFKDQLFDO SDUDPHWHUV HJ WKH OLQH
YHORFLW\ RI WKH URWRU RXWHU HGJH HOHFWULFDO SDUDPHWHUV
LQFOXGLQJ WKH VHOILQGXFWDQFH PXWXDO LQGXFWDQFH DQG
UHVLVWDQFHRIHDFKZLQGLQJDUHDOOFORVHO\UHODWHGWRWKHPDLQ
GLPHQVLRQV7KXVWKHILUVWVWHSRIGHVLJQVKRXOGEHWKHPDLQ
GLPHQVLRQDOGHVLJQ7KHGLPHQVLRQVPDLQO\LQFOXGHWKHLQQHU
DQGRXWHUGLDPHWHUVRIWKHURWRUDQGVWDWRU\RNHVWKHHIIHFWLYH
D[LDOOHQJWKRIWKHURWRUWKHWKLFNQHVVDQGD[LDOOHQJWKRIHDFK
ZLQGLQJ WKH WKLFNQHVV RI WKH JUDSKLWH ILEHU VOHHYH DQG WKH
OHQJWKRI WKH DLU JDS7KHGLPHQVLRQDO GHVLJQ RI%6$&3$
GHSHQGVRQWKHHQHUJ\VWRUDJHDQGWKHSHDNSRZHU>@
7KHHQHUJ\VWRUDJHFDQEHGHWHUPLQHGE\WKHSHDNSRZHU
%HFDXVHWKHURWDWLQJVSHHGGURSVDIWHUWKHGLVFKDUJHSURFHVV
WKHIRUPXODDERXWWKHGHVFHQGUDWLRRIURWDWLQJVSHHG݇ ?H?DQGWKHNLQHWLFHQHUJ\VWRUDJHܧH?FDQEHJLYHQDV
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$VVXPHWKDWWKHWDUJHWGLVFKDUJHSRZHU Hܲ?LV0:WKHGLVFKDUJH GXUDWLRQݐH?LV  PV WKH PDFKLQH HIILFLHQF\ Ș LVDERXW  DQG WKH UDWHG URWRU URWDWLQJ VSHHG ݊H?LVUPLQ ,W LV H[SHFWHG WKDW DIWHU D F\FOH RI SXOVHG
GLVFKDUJHSURFHVVWKHGHVFHQGUDWLRRIWKHURWDWLQJVSHHG݇ ?H?LVQRWRYHU+HQFHWKHURWRUNLQHWLFHQHUJ\VWRUDJHܧH?LVGHWHUPLQHGWREHDERXWN-DQGWKHURWRUPRPHQWRILQHUWLDܬH?VKRXOGEHDERXW ?Ǥ ? ? ? ?݇݃  ? ݉H?7KHURWRU\RNHLQQHUDQGRXWHU GLDPHWHUV DUH GHVLJQHG WR EH PP DQG PP
UHVSHFWLYHO\ DQG WKH URWRU D[LDO OHQJWK LV GHVLJQHG WR EH
PP
7KHWKLFNQHVVRIWKHZLQGLQJVVKRXOGEHPRGHUDWH2QWKH
RQH KDQG WKH ZLQGLQJ FDQQRW EH WRR WKLQ 2WKHUZLVH WKH
UHVLVWDQFH ZLOO EH WRR ODUJH OHDGLQJ WR WKH ZLQGLQJ
RYHUKHDWLQJRU IDLOLQJ VHOIH[FLWDWLRQ2Q WKHRWKHU KDQG LW
FDQQRWEHWRRWKLFNHLWKHU%HFDXVHWKHWKLFNHUWKHZLQGLQJV
DUHWKHZHDNHUWKHFRXSOLQJEHWZHHQWKHILHOGDQGDUPDWXUH
ZLQGLQJVLV7KHWKLFNQHVVHVRIWKHURWRUZLQGLQJVDQGVWDWRU
ZLQGLQJVDUHGHVLJQHGWREHPPDQGPPUHVSHFWLYHO\
7KH WKLFNQHVV RI WKH JUDSKLWH ILEHU VOHHYH VKRXOG EH
DSSURSULDWHWRJXDUDQWHHLWVWHQVLOHVWUHQJWKDQGLQFUHDVHWKH
FRXSOLQJEHWZHHQWKHVWDWRUDQGURWRUZLQGLQJV6LPLODUO\WKH
WKLFNQHVVRIWKHDLUJDSVKRXOGDOVREHVXLWDEOHWRHQVXUHWKH
VDIHW\ZKHQ%6$&3$ZRUNVDWDKLJKURWDWLQJVSHHGDQGWKH
FRXSOLQJEHWZHHQWKHVWDWRUDQGURWRUZLQGLQJV7KH\DUHERWK
GHVLJQHGWREHPP
)LQDOO\DVHWRIGLPHQVLRQDOSDUDPHWHUVRIWKHSURWRW\SHLV
VKRZQLQ7DEOH,
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7KH PDWKHPDWLFDO PRGHO RI %6$&3$ LV HVWDEOLVKHG E\
DQDO\]LQJ LWV HTXLYDOHQW FLUFXLW 7KH ZRUNLQJ SURFHVVHV RI
%6$&3$VXFKDVVHOIH[FLWDWLRQDQGHOHFWULFDOGLVFKDUJHDUH
FRPSOH[ ,QRUGHU WR VLPSOLI\ WKH DQDO\VLV RQO\ WKH VWHDG\
VWDWHLVFRQFHUQHG$VVXPLQJWKDWWKHILHOGFXUUHQWLQWKH(6:
LVFRQVWDQWWKHGLVFKDUJHFXUUHQWLQWKH*6:ZLOOEHDFTXLUHG
DQG WKH UHODWLRQVKLSDPRQJ WKHGLVFKDUJHFXUUHQWDQGRWKHU
SDUDPHWHUVZLOOEHREDWLQHG
$(OHFWULFDOSDUDPHWHUH[SUHVVLRQV
%HIRUH WKH HTXLYDOHQW FLUFXLW LV DQDO\]HG HOHFWULFDO
SDUDPHWHUV VXFK DV VHOILQGXFWDQFH PXWXDO LQGXFWDQFH DQG
UHVLVWDQFHRIHDFKZLQGLQJVKRXOGEHGHGXFHGILUVWO\
'HILQH݇H?H?H?DV WKH FRXSOLQJ FRHIILFLHQW ZKLFK UHSUHVHQWVWKH FRXSOLQJ VWUHQJWK EHWZHHQ WKH ILHOG DQG DUPDWXUH
ZLQGLQJV,WLVH[SUHVVHGDV
  LSLULUV
LV
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 
6HOILQGXFWDQFHSHUPHWHUOHQJWKܮH?H?FDQEHH[SUHVVHGDV
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ZKHUHߤH?LVWKHUHODWLYHSHUPHDELOLW\RIYDFXXP0DJQLWXGH RI PXWXDO LQGXFWDQFH EHWZHHQ WKH URWRU DQG
VWDWRUZLQGLQJVDWUDGLLݎH?H?DQGݎH?H?FDQEHH[SUHVVHGDV
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/HDNDJHLQGXFWDQFHRIZLQGLQJVFDQEHFDOFXODWHGE\WKH
VHOILQGXFWDQFHDQGWKHPXWXDOLQGXFWDQFH
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7KH ZLQGLQJ UHVLVWDQFH ZLWKRXW FRQVLGHULQJ WKH HQG
ZLQGLQJFDQEHH[SUHVVHGDV
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LM LM
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%6LQJOHSKDVHHTXLYDOHQWFLUFXLW
7KHH[FLWHUFDQEHUHJDUGHGDVDV\QFKURQRXVJHQHUDWRUDQG
LWVVLQJOHSKDVHHTXLYDOHQWFLUFXLWLVVKRZQLQ)LJ
)LJ6LQJOHSKDVHHTXLYDOHQWFLUFXLWRIWKHH[FLWHU

,Q)LJܫH?ሶ LV WKHUDWHGH[FLWHU ILHOGFXUUHQWYHFWRURI WKH
H[FLWHU ܫH?ሶ LV WKH (5:¶V FXUUHQW YHFWRUܧH?ሶ LV WKH (5:¶V
LQGXFHGHOHFWURPRWLYHIRUFHYHFWRU Hܷ?ሶ LVWKHRXWSXWWHUPLQDOYROWDJHYHFWRURIWKHH[FLWHU
7KHHIIHFWLYHYDOXHRI WKH(5:¶V LQGXFHGHOHFWURPRWLYH
IRUFHܧH?LVJLYHQE\
       1 U 1 U( N I 1 N I  
   UI S Q  
ZKHUH݇H?H?LVWKHH[FLWHUPDJQHWLFILHOGZDYHIRUPFRHIILFLHQW߶H?LVWKHPDJQLWXGHRIWKHPDJQHWLFIOX[SHUSROHDQGFDQEHH[SUHVVHGDV
   
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
ZKHUHܤH?H?H?LVWKHUDGLDOPDJQHWLFIOX[GHQVLW\DWWKHDYHUDJHUDGLXVRIWKH(5:
%HFDXVHWKHUDGLXVRIWKH(5:ݎH?H?LVOHVVWKDQWKHUDGLXVRIWKHH[FLWHUVWDWRUZLQGLQJܤH?H?FDQEHJLYHQDV>@
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ZKHUHܭH?H?LV WKH PDJQLWXGHRI WKH H[FLWHU ILHOG OLQH FXUUHQWZKLFKLVJLYHQDV
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$FFRUGLQJWRܧH?FDQEHH[SUHVVHGDV

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7KH JHQHUDWRU FDQ EH UHJDUGHG DV DQ DOWHUQDWRU ZKRVH
URWDWLQJVSHHGRIPDJQHWLFILHOGLVODUJHUWKDQLWVPHFKDQLFDO
URWDWLQJVSHHG,WVVLQJOHSKDVHHTXLYDOHQWFLUFXLWLVVKRZQLQ
)LJ
)LJ6LQJOHSKDVHHTXLYDOHQWFLUFXLWRIWKHJHQHUDWRU

,Q )LJ ܫH?ሶ LV WKH *6:¶V FXUUHQW YHFWRU DQG ܷH?ሶ LV WKHRXWSXW WHUPLQDO YROWDJH YHFWRU RI WKH JHQHUDWRU 7KH
VXSHUVFULSW LQ WKH ILJXUH UHSUHVHQWV WKDW WKH SDUDPHWHUV DUH
XQGHU ZLQGLQJ FRQYHUVLRQ 7KH SDUDPHWHUV GLYLGHG E\ VOLS
UDWLRݏPHDQVWKDWWKH\DUHXQGHUIUHTXHQF\FRQYHUVLRQ7KH
ZLQGLQJ FRQYHUVLRQ DQG IUHTXHQF\ FRQYHUVLRQ DUH JLYHQ LQ


 
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ZKHUH݇H?LVWKHYROWDJHUDWLRDQG݇H?LVWKHFXUUHQWUDWLR
 
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
(DFKSDUDPHWHUVXQGHUZLQGLQJFRQYHUVLRQDQGIUHTXHQF\
FRQYHUVLRQFDQEHUHIHUUHGWR

 H( N (  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
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
 H L; N N /Z  ܺH?LVWKHJHQHUDWRUH[FLWHGUHDFWDQFHDQGLWVPDJQLWXGHLVJLYHQDV
 P H; N 0Z  
&RPELQLQJ WKH HTXLYDOHQW FLUFXLWV RI WKH H[FLWHU DQG
JHQHUDWRU WKH VLQJOHSKDVH HTXLYDOHQW FLUFXLW RI %6$&3$
FDQEHREWDLQHGDVVKRZQLQ)LJ
)LJ6LQJOHSKDVHHTXLYDOHQWFLUFXLWRI%6$&3$

$VVXPLQJ WKDW WKH ORDG DQG WKH ZLQGLQJ UHVLVWDQFHV DUH
LJQRUHGWKHPDJQLWXGHRIWKHGLVFKDUJHFXUUHQWGHGXFHGIURP
)LJFDQEHH[SUHVVHGDV
 
 
   

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&)RXUSKDVHHTXLYDOHQWFLUFXLW
)LJ)RXUSKDVHHTXLYDOHQWFLUFXLWRI%6$&3$

,Q WKH IRXUSKDVH HTXLYDOHQW FLUFXLW WKH IRXUSKDVH
UHFWLILFDWLRQWKHFRPPXWDWLRQYROWDJHORVVWKHVWDWRUZLQGLQJ
UHVLVWDQFHV DQG WKH ORDG UHVLVWDQFH DUH DOO WDNHQ LQWR
FRQVLGHUDWLRQZKLOHWKHURWRUZLQGLQJUHVLVWDQFHVDUHLJQRUHG
$QDO\]H WKH IRXUSKDVH HTXLYDOHQW E\ 7KHYHQLQ¶V WKHRUHP
WKHGLVFKDUJHFXUUHQWܫH?H?H?FDQEHH[SUHVVHGDV
    RXW RF LQ LQ /, 8 5 ; 5S S S    
ZKHUH ܷH?H?LV WKH QRORDG YROWDJH ܴH?H?LV WKH LQWHUQDOUHVLVWDQFHܺH?H?LV WKH LQWHUQDO UHDFWDQFH DQGܴH?LV WKH ORDGUHVLVWDQFHܷH?H?ܴH?H?DQGܺH?H?DUHJLYHQLQ
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'9HULILFDWLRQDQGGLVFXVVLRQ
7KH HTXLYDOHQW FLUFXLWV LV YHULILHG E\ WKH ILQLWHHOHPHQW
DQDO\VLV)($DVVKRZQLQ)LJ(DFKILJXUHRQO\FKDQJHV
RQHSDUDPHWHUZKLOH WKHRWKHUSDUDPHWHUVDUHFRQVWDQW7KH
FRQGLWLRQVIRUWKHDERYHSLFWXUHVDUHVKRZQDVIROORZV
D Hܰ?H?  Hܰ?H?  Hܰ?H? ݊H? UPLQܫH? N$ZKHQHܰ?H?FKDQJHVE Hܰ?H?  Hܰ?H?  Hܰ?H? ݊H?  UPLQ ܫH?  N$ZKHQ Hܰ?H?FKDQJHVF Hܰ?H?  Hܰ?H?  Hܰ?H? ݊H?  UPLQܫH?  N$ZKHQ Hܰ?H?FKDQJHVG Hܰ?H?ൌ Hܰ?H?  Hܰ?H? ݊H?  UPLQܫH?  N$ZKHQ Hܰ?H?FKDQJHVH Hܰ?H?ൌ Hܰ?H?  Hܰ?H?  Hܰ?H? ܫH?  N$ ZKHQ݊H?FKDQJHV
I Hܰ?H?ൌ Hܰ?H?  Hܰ?H?  Hܰ?H? ݊H? UPLQZKHQܫH?FKDQJHV
)LJ  'LVFKDUJH FXUUHQWV YHUVXV HDFK SDUDPHWHU IRU GLIIHUHQW
DQDO\WLFDOPHWKRGV

,WFDQEHVHHQIURP)LJWKDWWKHFXUYHVRI)($DUHPRUH
FORVH WR WKRVH RI WKH IRXUSKDVH HTXLYDOHQW FLUFXLW ZKLFK
PHDQV WKH IRXUSKDVH HTXLYDOHQW LV PRUH DFFXUDWH WKDQ WKH
VLQJOHSKDVHHTXLYDOHQWFLUFXLW,WLVEHFDXVHWKDWWKHVLQJOH
SKDVHHTXLYDOHQWFLUFXLWLVMXVWDVLPSOLILHGPRGHO LJQRULQJ
WKH IRXUSKDVH UHFWLILFDWLRQDQGDOO WKHZLQGLQJ UHVLVWDQFHV
+RZHYHUWKHUHODWLRQVKLSVDPRQJWKHGLVFKDUJHFXUUHQWDQG
HDFKSDUDPHWHUFDQEHGHWHUPLQHGJHQHUDOO\IURPZKLFK
LV GHGXFHG IURP WKH VLQJOHSKDVH HTXLYDOHQW 7KH
UHODWLRQVKLSVFDQEHFRQFOXGHGDVIROORZV
7KHYDOXHRIܫH?H?H?LVSURSRUWLRQDOWRWKHQXPEHURIHIIHFWLYHFRLOWXUQVRIWKH(6: Hܰ?H?ZKLOHLWLVLQYHUVHO\SURSRUWLRQDOWRWKHQXPEHURIHIIHFWLYHFRLOWXUQVRIWKH*6: Hܰ?H? 7KHUH DUH FHUWDLQ QXPEHUV RI HIIHFWLYH FRLO WXUQV RI WKH
(5: Hܰ?H?DQG*5: Hܰ?H?PDNLQJWKHYDOXHRIܫH?H?H?ODUJHVW
7KHYDOXHRIܫH?H?H?LQFUHDVHVVOLJKWO\ZLWKWKHLQFUHDVHRIWKHURWRUURWDWLQJVSHHG݊H?7KHYDOXHRIܫH?H?H?LVSURSRUWLRQDOWRWKHUDWHGH[FLWHUILHOGFXUUHQWܫH?,Q FRQFOXVLRQ WKH PDWKHPDWLFDO PRGHO RI WKH HTXLYDOHQW
FLUFXLWV DQG DERYH UXOHV FDQ SURYLGH D JXLGDQFH WR WKH
RSWLPL]DWLRQRI%6$&3$SDUDPHWHUV
(6HOIH[FLWHGFRQGLWLRQ
$V VKRZQ LQ )LJ WKHUH DUH VHYHUDO ]HUR SRLQWV RQ WKH
FXUYHRI)($,WLVEHFDXVHWKDWWKHPDFKLQHDWWKHVHSRLQWVLV
QRW DEOH WR VHOIH[FLWH :KHWKHU %6$&3$ FDQ ZRUN
VXFFHVVIXOO\LVSULPDULO\GHFLGHGE\ZKHWKHULWLVVHOIH[FLWHG
7KXVLWLVLPSRUWDQWWRGHWHUPLQHWKHVHOIH[FLWHGFRQGLWLRQ
DQGREWDLQWKHYDOXHRIWKHFULWLFDOURWDWLQJVSHHG
$VVXPHWKDWWKHH[FLWHUILHOGFXUUHQWLV݅H?H?DWWKHWLPHݐH?H?DQGLWZLOOSURGXFHDGLVFKDUJHFXUUHQW݅H?H?H?LQWKH*6:DWWKHWLPHݐH?H? ,I WKHFRQGLWLRQ݅H?H?H?൐ ݅H?H?LVVDWLVILHG WKHFXUUHQWVLQWKHPDFKLQHZLOOULVHH[SRQHQWLDOO\DQG%6$&3$LVDEOH
WRVHOIH[FLWH
7KXVDFFRUGLQJWRWKHIRUPXODVWKHFULWLFDOVHOI
H[FLWHGURWDWLQJVSHHG HQ LVJLYHQDV
 
 
   
   
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݇H?H?LV WKHFRUUHFWLRQFRHIILFLHQWZKLFKLVDVVRFLDWHGZLWKWKH SKDVH QXPEHU WKH FXUUHQW IUHTXHQF\ DQG WKH ILOWHU
LQGXFWDQFH
,9 '(7(50,1$7,212)180%(562):,1',1*&2,/
78516
,QVHFWLRQ,,,LWFDQEHIRXQGWKDWWKHGLVFKDUJHFXUUHQWLV
FORVHO\UHOHYDQWWRWKHQXPEHURIHIIHFWLYHFRLOWXUQVRIHDFK
ZLQGLQJWKHURWRUURWDWLQJVSHHGDQGWKHUDWHGH[FLWHUILHOG
FXUUHQW 7KXV WKH QXPEHUV RI ZLQGLQJ FRLO WXUQV FDQ EH
GHVLJQHG WR VLJQLILFDQWO\ LPSURYH WKH SHUIRUPDQFH RI
%6$&3$,QWKLVSDSHUWKHJRDORIFRLOWXUQVQXPEHUGHVLJQ
LV WRHQVXUH WKH VXFFHVVIXO ZRUN DV ZHOODV WR LPSURYH WKH
GLVFKDUJH FXUUHQW DQG SRZHU DV PXFK DV SRVVLEOH 7KH
PDFKLQH ZRUNV XQGHU WKH FRQVWDQW FRQGLWLRQ RI WKH UDWHG
URWDWLQJVSHHGUSPWKHPDLQVL]HV7DEOH,WKHORDG
LPSHGDQFHPȍDQGWKHILOWHULQGXFWDQFHɊ
FDQEHVLPSOLILHGDVIROORZV
 

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ZKHUH݇H?H?LV WKH UDWLR RI Hܰ?H?݇H?H?H?DQG Hܰ?H?݇H?H?H?݇H?H?LV WKHUDWLRRI Hܰ?H?݇H?H?H?DQG Hܰ?H?݇H?H?H?݇H?LVWKHUDWLRRI݉H?H?WR݉H?H?݇H?LVWKHUDWLRRI݌H?WR݌H?DQG݇H?LVWKHUDWLRRI݈H?WR݈H?
:KHQWKHWRSRORJ\DQGGLPHQVLRQVRI%6$&3$KDYHEHHQ
GHWHUPLQHG ݇H? ݇H?DQG ݇H?DUH GHWHUPLQHG DV ZHOO 7KXV
ILUVWO\ ZH VKRXOG GHWHUPLQH WKH YDOXHV RI݇H?H?DQG݇H?H?ZLWKWKHPRUHDFFXUDWHIRXUSKDVHHTXLYDOHQWFLUFXLW
,Q )LJ WKH JUHHQ FXUYH ZLWK VTXDUH V\PERO LOOXVWUDWHV
WKDW ZKHQ Hܰ?H?LV D FRQVWDQW  WKH GLVFKDUJH FXUUHQWSHDNV DW  N$ ZKHQ Hܰ?H?LV  7KH RWKHU WKUHH OLQHVVKRZVWKDWWKHGLVFKDUJHFXUUHQWLVFRQVWDQWLI݇H?H?GRHVQRWFKDQJH,QDGGLWLRQWKHGLVFKDUJHFXUUHQWGRHVQRWFKDQJHD
ORW ZKHQ݇H?H?LV DURXQG  $V D UHVXOW WDNLQJ WKH SUDFWLFDOFUDIWLQWRFRQVLGHUDWLRQWKHYDOXHRI݇H?H?LVWDNHQWREHDQGWKHYDOXHVRI Hܰ?H?DQG Hܰ?H?DUHERWKWRLQFUHDVHWKHZLQGLQJ
HIIHFWLYHFURVVVHFWLRQDUHD
,Q )LJ  Hܰ?H?HTXDOV WR D FRQVWDQW RI  DQG Hܰ?H?YDULHVIURPWR7KHEOXHFXUYHZLWKVTXDUHV\PEROLOOXVWUDWHV
WKDWWKHGLVFKDUJHFXUUHQWLVSURSRUWLRQDOWR݇H?H?7KHFULWLFDOURWDWLQJ VSHHG UHDFKHV WKH PLQLPXP YDOXH  UPLQ
ZKHQ݇H?H?LV :KHQ݇H?H?LV ODUJHU WKDQ  WKH FULWLFDO VHOIH[FLWHGURWDWLQJVSHHGLQFUHDVHVZKLFKPHDQVWKDWWKHVHOI
H[FLWDWLRQ EHFRPHV PRUH GLIILFXOW :KHQ WKH FULWLFDO VHOI
H[FLWHG URWDWLQJ VSHHG EHFRPHV ODUJHU WKDQ WKH UDWHG URWRU
URWDWLQJ VSHHG WKH VHOIH[FLWDWLRQ IDLOV DQG WKH PDFKLQH
FDQQRWVXFFHVVIXOO\ ZRUN7KXV WKHYDOXHRI WKHGLVFKDUJH
FXUUHQWDQGWKHFULWLFDOVHOIH[FLWHGURWDWLQJVSHHGVKRXOGEH
FRQVLGHUHGV\QWKHWLFDOO\
,QWHUPVRIWKLVSURWRW\SH݇H?H?LVGHWHUPLQHGWREH2QFH݇H?H?LVFRQILUPHGWKHUHODWLRQVKLSEHWZHHQGLVFKDUJHFXUUHQWDQG Hܰ?H?LVVKRZQLQ)LJ)URPWKHSLFWXUHZHFDQVHHWKDWWKHDPRXQWRIGLVFKDUJHFXUUHQWH[SHULHQFHVDULVHVWHDGLO\
ILUVW EXW WKHQ JUDGXDOO\ OHYHOV RII ZLWK WKH YDOXH RI 1V
JURZLQJ ,W UHVXOWV IURP WKH LQWHUQDO UHVLVWDQFH RI WKH
JHQHUDWRU DUPDWXUH ZLQGLQJ $V D UHVXOW WKH YDOXH RI 1V
WDNHVDQG1VWDNHVFRUUHVSRQGLQJO\
,QDGGLWLRQDIWHUWKHQXPEHURIHDFKZLQGLQJFRLOWXUQVLV
GHWHUPLQHG WKH WHPSHUDWXUH ULVH VKRXOG EH WDNHQ LQWR
FRQVLGHUDWLRQDQGFKHFNHG%HFDXVH%6$&3$ZRUNVLQDQ
LQVWDQWDQHRXV RSHUDWLRQ WKH KHDW HQHUJ\ SURGXFHG E\ WKH
ZLQGLQJV LV GLIILFXOW WR WUDQVIHU WR WKH VXUURXQGLQJ
HQYLURQPHQWLQVXFKDVKRUWWLPHPLOOLVHFRQGVOHYHO7KXV

)LJ'LVFKDUJHFXUUHQWYHUVXVZLQGLQJVFRLOWXUQVQXPEHURI(5:
 
)LJ 'LVFKDUJH FXUUHQW DQG FULWLFDO VHOIH[FLWHG URWDWLQJ VSHHG YHUVXV݇H?H?
)LJ'LVFKDUJHFXUUHQWYHUVXV Hܰ?H?ZKHQ݇H?H?LV
WKH-RXOHKHDWLVDVVXPHGWREHWKRURXJKO\XVHGWRLQFUHDVH
WKH WHPSHUDWXUH RI WKH FRQGXFWRU >@ 5HI >@ JLYHV D
PLQLPXPFURVVVHFWLRQDODUHDWROLPLWWKHWHPSHUDWXUHULVHRI
WKHZLQGLQJVDVVKRZQLQ
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ZKHUHܫLVWKHUPVRIWKHZLQGLQJFXUUHQWݐLVWKHWLPHFXUUHQW
H[LVWVߩH?LV WKH UHVLVWLYLW\RI WKH FRQGXFWRU DW ԨߙLV WKHWHPSHUDWXUHFRHIILFLHQWRIZLQGLQJFRQGXFWRUߩH?LVWKHPDVVGHQVLW\RIDUPDWXUHZLQGLQJFRQGXFWRUܿLVWKHKHDWFDSDFLW\
UDWLR RI FRQGXFWRU ߠH?LV WKH ZLQGLQJ WHPSHUDWXUH DIWHUGLVFKDUJHDQGߠH?LVWKHZLQGLQJLQLWLDOWHPSHUDWXUH)LQDOO\ WKH SHUIRUPDQFH DQG HOHFWULFDO SDUDPHWHUV RI
%(&3$DUHVKRZQLQ7DEOH,,
7$%/(,,
$1$/<7,&$/3(5)250$1&($1'(/(&75,&$/3$5$0(7(562)%6$&3$
6\PERO 9DOXH 6\PERO 9DOXHHܰ?H?  Hܰ?H? Hܰ?H?  Hܰ?H? ܮH?H? ȝ+ ܮH?H? ȝ+ܮH?H? ȝ+ ܮH?H? ȝ+ܯH? ȝ+ ܯH? ȝ+ܮH?H?H? ȝ+ ܮH?H?H? ȝ+ܮH?H?H? ȝ+ ܮH?H?H? ȝ+ܴH?H? Pȍ ܴH?H? PȍܴH?H? Pȍ ܴH?H? Pȍ݇H?  ݇H? ߱H? UDGV  ܫH? N$ ܫH?H?H? N$ܴH? Pȍ Hܲ?H?H? 0:
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7KH DERYH GHVLJQV DUH YHULILHG E\ WKH ' ILQLWHHOHPHQW
DQDO\VLV LQ RUGHU WR VDYH WLPH DQG UHVRXUFH 7KH
FRUUHVSRQGLQJVLPXODWLRQPRGHORIWKH%6$&3$SURWRW\SHLV
VKRZQLQ)LJ
)LJ6LPXODWLRQPRGHORI%6$&3$SURWRW\SH
DE
)LJ  :DYHIRUP RI ILHOG DQG GLVFKDUJH FXUUHQW D ([FLWHU ILHOG
FXUUHQWE'LVFKDUJHFXUUHQW
,QWHUPVRIWKHGHVLJQHGGLPHQVLRQDOSDUDPHWHUVWKHILHOG
FXUUHQWDQGGLVFKDUJHFXUUHQWDUHVKRZQLQ)LJ)LJD
VKRZV WKH ILHOG FXUUHQW ULVHV H[SRQHQWLDOO\XQWLO WKH HQGRI
VHOIH[FLWDWLRQDWPV)LJELOOXVWUDWHVWKHGLVFKDUJH
FXUUHQWDVFHQGVLQDYHU\VKRUWWLPH7KHSHDNLQJFXUUHQWLV
DERXWN$DWPVZKLFKLVRQO\GLIIHUHGIURPWKH
DQDO\WLFDO YDOXH E\  UHODWLYH HUURU 7KH SHDN SRZHU FDQ
UHDFKDERXW0:DFFRUGLQJO\
,Q FRQFOXVLRQ WKH UHVXOWV RI WKH VLPXODWLRQV SURYH WKH
YDOLGLW\RIWKHGHVLJQ
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,QWKLVSDSHUWKHVWUXFWXUHRI%6$&3$LVLQWURGXFHGDQGD
VHW RI GLPHQVLRQDO SDUDPHWHUV RI D SURWRW\SH DUH GHVLJQHG
VWHS E\ VWHS 7KHQ D VLPSOLILHG PDWKHPDWLFDO PRGHO LV
SUHVHQWHG 7KH DQDO\WLFDO PHWKRG RI FRPELQLQJ WZR
HTXLYDOHQWFLUFXLWVFDQEHDSSOLHG WRRWKHUVLPLODUFDVFDGHG
HOHFWULFDO PDFKLQHV %HVLGHV VHOIH[FLWHG FRQGLWLRQ WKH
HVVHQWLDO IDFWRU RI VXFFHVVIXO VHOIH[FLWDWLRQ LV REWDLQHG
DFFRUGLQJO\ 0RUHRYHU WKH GHWHUPLQDWLRQ RI QXPEHUV RI
ZLQGLQJFRLOWXUQVSURYLGHVDFRPSOHWHSURFHVVDQGVROXWLRQ
WRHQKDQFHWKHSHUIRUPDQFHRI%6$&3$&RQFOXVLYHO\WKLV
SDSHU SUHVHQWV D GHWDLOHG GHVLJQ SURFHVV RI D %6$&3$
SURWRW\SHZKLFKFDQDOVRSURYLGHDJXLGDQFHWRRWKHU&3$V¶
GHVLJQ
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